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1.  INTRODUCTION 


Temperature  sensing  using  fluidic  techniques  has  been  investigated 
by  many  researchers.  A common  method  is  the  use  of  edge  tone  fluidic 
oscillators1'  2 in  which  the  temperature  is  sensed  by  relating  the 
temperature  to  the  frequency  of  oscillation  due  to  changes  in  fluid 
properties  such  as  the  density  and  specific  heat.  Recently , Drzewiecki 
and  Phillippi3  used  capillaries  to  sense  temperature.  They  recognized 
the  fact  that  the  change  of  the  pressure  or  flow  in  such  a sensor  is 
small.  By  using  a laminar  proportional  amplifier  gain  block  to  amplify 
the  signal,  they  were  able  to  obtain  useful  signal  output  with  their 
fluidic  thermistor/air.plifier  circuits.  However,  the  sensitivity  (change 
in  output  to  change  in  temperature)  can  drop  over  two  orders  of 
magnitude  as  the  temperature  rises  from  20  to  1500  C.  In  order  to 
retain  the  unique  advantages  of  fluidic  temperature  measurement  such  as 
high  reliability  and  ruggedness,  a new  scheme  of  temperature  sensing  is 
presented  using  passive  fluidic  elements  with  improved  sensitivity 
throughout  the  temperature  range. 


This  report  deals  only  with  the  basic  design  concepts 
preliminary  test  results  for  the  steady-state  case. 


and  the 


2.  DESIGN  CONCEPTS 

2.1  Flow  through  Capillary 

The  present  design  concept  is  based  on  the  change  of  the  fluid 
properties,  such  as  the  density  and  viscosity,  with  temperature.  It  is 
well  known  that  the  resistance,  R,  for  fully  developed  flow  in  a capil- 
lary tube  is  dependent  on  the  viscosity,  y,  of  the  fluid  such  that 


R = f (y) 


(1) 


Figure  1 shows  a schematic  diagram  of  a capillary  tubing.  From 
figure  1,  for  a fully  developed  flow,  we  can  write  the  resistance, 
R = Ap/q,  as 


AC.  R.  Halbach,  P.  A . Otsap,  and  A.  A . Thomas,  A Pressure  Insensitive 
Fluidic  Temperature  Sensor , Advances  in  Fluidics , ASME  (1967). 

2J.  M . Kirshner,  Survey  of  Sensors , Part  II,  Proceedings  of  the  Harry 
Diamond  Laboratories  Fluidic  State-of-the-Art  Symposium,  JJ  (October 
1974). 

3T.  M.  Drzewiecki  and  R.  M.  Phillippi , Fluidic  Thermistors  or  Fluidic 
Temperature  Sensing  with  Capillaries , 76-WA/TM-l,  ASME  Winter  Annual 
Meeting  (5-10  December  1976). 
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R = 


128UL 


(2) 


ttD4 


or 

AP  = 128HLg 

ttD4 


(3) 


where 

D = diameter  (m) 

L = length  (m) 

AP  = pressure  drop  (kPa) 
Q = flow  rate  (m3/s) 

\i  = viscosity  (kg/m-s). 


v-s-T'7-rv  / s ; s s / s / s r/\ 


1 / / / / / / A 


Figure  1.  Schematic  diagram  of  capillary  tube. 


Suppose  that  we  have  two  capillary  resistors  in  series  and  each  resistor 
is  at  a different  temperature  as  shown  in  figure  2.  From  figure  2,  we 
have 


P 

o 


P 

s 


Ri 


(4) 


where 

P = output  pressure  (kPa) 


P = supply  pressure  (kPa) 
s 


Rl , R2 


resistance  (kg/m4-s) . 
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Figure  2 
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. Schematic  diagram  of  two  capillary  tubes  in 


Since 


R1  - 


128p  Li 
s 1 

TTDj 


R2  = 


128u2L2 


ttDJ 


equation  (4)  becomes 


P = 


1 + 


^sl1d2 

P2l2d1 


For  Li  = L2  and  Di  = D2/  equation  (6)  becomes 

P 


P = 
o 


1 + 


M2 


Equation  (7)  is  the  governing  equation  for  the  capillary 
sensor . 

2 . 2 Flow  through  Orifice 

Figure  3 shows  a schematic  diagram  of  an  orifice 
through  the  orifice,  we  can  write 


AP 


„ PQ2 
c2a2 


or 


series . 

(5) 

(6) 

(7) 

temperature 

. For  a flow 

(8) 
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(9) 


R = AP  = PQ 
2 C2A2 


9 


where 

A = area  (m2) 

C = discharge  coefficient 
p = density  (kg/m3). 


1////V  / / / / x > 

rr 

p, 

A P2 

} 1 

V/////////A 

Figure  3,  Schematic  diagram  of  orifice. 

Connecting  the  two  orifices  in  series  as  shown  in  figure  4,  we  have 


P 

o 


P 

s 


R3 


(10) 


or 


P 

o 


P 

s 


1 + 


Pscffi 

p4c§a2 


(ID 


TS'PS'"S' 


Figure  4.  Schematic  diagram  of  two  orifices  in  series. 
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For  C3  = C4  and  A3  = A4,  equation  (11)  becomes 


P 

o 


(12) 


Equation  (12)  is  the  governing  equation  for  the  orifice  temperature 
sensor. 


2. 3 Fluidic  Passive  Element  Temperature  Sensor 


By  connecting  in  parallel  the  capillary  and  orifice  resistors 
(see  fig.  5),  described  in  previous  sections,  we  obtained  a temperature 
sensor  with  a high  sensitivity  over  a large  temperature  range.  From 
figure  5,  we  have 


and 


(13) 


(14) 


Figure  5.  Schematic  diagram  of  temperature  sensor 


Subtracting  equation  (14)  from  equation  (13)  we  have 


AP  = 
o 


*01 


(15) 
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Equation  (15)  is  the  governing  equation  for  the  temperature  sensor.  We 
see  that  the  output  pressure , Ap  , is  directly  related  to  the  supply 
pressure,  P . Therefore,  we  can  consider  P as  the  gain  factor  of  the 
sensor.  For  gases,  the  first  term  on  the  right-hand  side  of 
equation  (15)  increases  and  the  second  term  decreases  as  T2  increases. 
Thus  we  have  increased  the  sensitivity  of  this  sensor  over  the  linear 
resistor  sensor. 


3.  THEORETICAL  AND  EXPERIMENTAL  RESULTS 

As  indicated  by  equation  (15) , for  identical  resistors  in  each  leg 
of  the  sensor,  the  sensor  pressure  output  is  independent  of  the  geome- 
tries for  the  static  case  and  depends  only  on  the  properties  of  the 
fluid  and  the  supply  pressure.  Figure  6 shows  two  sample  calculations 
of  equation  (15)  using  the  following  equation  for  the  viscosity  of  air 
which  is  based  on  the  data  of  Keenan  and  Kaye's  gas  tables4 


W = 0.134  + 1. 7678E-3T  - 7.6433E-7T2  + 1.8047E-10T3  (16) 


where 

T * temperature  (C) 
y = viscosity  (10~6  kg/m-s) 

and  the  equation  of  state  for  the  density  term  in  equation  (15) , 


P 


P 

R T 

g 


(17) 


where 

R = gas  constant. 

g 

From  figure  6,  we  can  see  that  the  calculated  sensitivity  of  the  sensor 
is  very  good  over  the  entire  temperature  range  and  that  we  can  change 
the  sensitivity  of  the  sensor  by  adjusting  the  supply  pressure.  Tests 
were  conducted  on  a sensor  that  was  composed  of  two  35.5-mm-long  ceramic 
capillary  resistors  with  20  0. 2 5-mm- diameter  circular  holes  and  two 


u 

J.  H.  Keenan  and  J.  Kaye,  Gas  Tables,  John  Wiley  and  Sons,  Inc.,  New 
York,  NY  (1965). 


0. 5-mm-diameter  orifices.  Figure  7 (p  12)  shows  test  results  of  the 
pressure  versus  temperature  compared  with  the  theoretical  calculations ; 
they  are  in  good  agreement.  This  is  especially  true  for  the  low  supply 
pressure  case.  The  reason  for  the  excellent  agreement  for  the  low 
pressure  case  is  that  the  fluid  temperature  and  the  environmental 
temperatures  are  very  close  to  each  other.  For  the  high  supply  pressure 
case,  it  is  reasoned  that  the  actual  fluid  temperature  was  less  than 
that  of  the  environment.  The  accuracy  of  the  sensor  can  be  inproved  at 
high  supply  pressure  by  placing  an  efficient  heat  exchanger  in  front  of 
each  sensing  element.  Otherwise,  it  is  necessary  to  calibrate  the 
sensor  to  account  for  the  temperature  difference. 


4.  SUMMARY 

A fluidic  sensor  using  linear  and  nonlinear  resistors  has  been 
designed  and  tested.  By  using  identical  resistors  in  each  leg  of  the 
sensor,  the  sensor  output  becomes  independent  of  the  geometries  and 
dependent  only  on  the  fluid  properties  and  the  supply  pressure.  Theore- 
tical calculations  indicate  that  this  sensor  has  a very  good  sensitivity 
throughout  the  entire  temperature  range  of  20  to  1000  C.  The  test 
results  and  the  theoretical  predictions  are  in  good  agreement.  The 
sensitivity  of  the  sensor  can  be  changed  by  adjusting  the  supply  pres- 
sure to  the  sensor. 
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Figure  7.  Comparison  between  test  results  and  theoretical  prediction  of 
sensor  outputs  versus  T£- 
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NOMENCLATURE 


A = area  (m2) 

C = discharge  coefficicent 

D = diameter  (m) 

L = length  (m) 

P = pressure  (kPa) 

Q = flow  rate  (m^/s) 

R - resistance  (kg/m^-s) 

R = gas  constant  (m2/s2-K) 

9 

T = temperature  (C) 

p = density  (kg/m^) 

p = viscosity  (kg/m-s) 

Subscripts 
1 , 2 ...  4 index 
o output 

s supply 
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ATTN  VERNON  D.  GEBBEN 

NASA  SCIENTIFIC  & TECH  INFO  FACILITY 
P.  O.  BOX  8657 

BALTIMORE /WASHINGTON  INTERNATIONAL 
AIRPORT,  MD  21240 
ATTN  ACQUISITIONS  BRANCH 

UNIVERSITY  OF  ALABAMA 

CIVIL  & MINERAL  ENGINEERING  DEPT. 

P.  O.  BOX  1468 
UNIVERSITY,  AL  35486 

ATTN  DR.  HAROLD  R.  HENRY 

ARIZONA  STATE  UNIVERSITY 
ENGINEERING  CENTER 
TEMPE,  AZ  85281 

ATTN  PETER  K.  STEIN,  LABORATORY 

FOR  MEASUREMENT  SYSTEMS  ENGR. 

UNIVERSITY  OF  ARKANSAS 
TECHNOLOGY  CAMPUS 
P.  0.  BOX  3017 
LITTLE  ROCK,  AR  72203 
ATTN  PAUL  C.  MCLEOD 


UNIVERSITY  OF  ARKANSAS 
MECHANICAL  ENGINEERING 
FAYETTEVILLE,  AR  72701 

ATTN  JACK  H.  COLE,  ASSOC  PROF 

CARNEGIE-MELLON  UNIVERSITY 
SCHENLEY  PARK 
PITTSBURGH,  PA  15213 

ATTN  PROF  W.  T.  ROULEAU,  MECH  ENGR  DEPT 

CASE  WESTERN  RESERVE  UNIVERSITY 
UNIVERSITY  CIRCLE 
CLEVELAND,  OH  44106 
ATTN  PROF  P.  A.  ORNER 

THE  CITY  COLLEGE  OF  THE  CITY 
UNIVERSITY  OF  NY 
DEPT  OF  MECH  ENGR 
139th  ST.  AT  CONVENT  AVE 
NEW  YORK,  NY  10031 
ATTN  PROF  L.  JIJI 
ATTN  PROF  G.  LOWEN 

DUKE  UNIVERSITY 
COLLEGE  OF  ENGINEERING 
DURHAM,  NC  27706 
ATTN  C.  M.  HARMAN 

ENGINEERING  SOCIETIES  LIBRARY 
345  EAST  47TH  STREET 
NEW  YORK,  NY  10017 
ATTN  HOWARD  GORDON 

FRANKLIN  INSTITUTE  OF  THE  STATE 
OF  PENNSYLVANIA 
20TH  STREET  & PARKWAY 
PHILADELPHIA,  PA  19103 

ATTN  KA -CHEUNG  TSUI,  ELEC  ENGR  DIV 
ATTN  C.  A.  BELSTERLING 

I IT  RESEARCH  INSTITUTE 
10  WEST  35th  STREET 
CHICAGO,  IL  60616 
ATTN  DR.  K.  E.  MCKEE 

LEHIGH  UNIVERSITY 

DEPARTMENT  OF  MECHANICAL  ENGINEERING 
BETHLEHEM,  PA  18015 

ATTN  PROF  FORBES  T.  BROWN 

LINDA  HALL  LIBRARY 
5109  CHERRY  STREET 
KANSAS  CITY,  MO  64110 
ATTN  DOCUMENTS  DIVISION 

MASSACHUSETTS  INSTITUE  OF  TECHNOLOGY 
77  MASSACHUSETTS  AVENUE 
CAMBRIDGE,  MA  02139 

ATTN  ENGINEERING  TECHNICAL  REPORTS, 

RM  10-408 

ATTN  DAVID  WORMLEY,  MECH  ENGR  DEPT, 

RM  3-146 


17 


DISTRIBUTION  (Cont ' d) 


MICHIGAN  TECHNOLOGICAL  UNIVERSITY 
LIBRARY,  DOCUMENTS  DIVISION 
HOUGHTON,  MI  49931 
ATTN  J.  HAWTHORNE 

UNIVERSITY  OF  MISSISSIPPI 
20l  CARRIER  HALL,  DEPT  OF  MECH  ENGR 
UNIVERSITY,  MS  38677 
ATTN  DR.  JOHN  A.  FOX 

MISSISSIPPI  STATE  UNIVERSITY 
DRAWER  ME 

STATE  COLLEGE,  MS  39672 

ATTN  DR.  C.  J.  BELL,  MECH  ENG  DEPT 

UNIVERSITY  OF  NEBRASKA  LIBRARIES 
ACQUISITIONS  DEPT,  SERIALS  SECTION 
LINCOLN,  NE  68508 
ATTN  ALAN  GOULD 

UNIVERSITY  OF  NEW  HAMPSHIRE 
MECH  ENGR  DEPT,  KINGSBURY  HALL 
DURHAM,  NH  03824 

ATTN  PROF  CHARLES  TATE 

DEPARTMENT  OF  MECHANICAL  ENGINEERING 
NEWARK  COLLEGE  OF  ENGINEERING 
323  HIGH  STREET 
NEWARK,  NJ  07102 
ATTN  DR.  R.  Y.  CHEN 

OHIO  STATE  UNIVERSITY  LIBRARIES 
SERIAL  DIVISION,  MAIN  LIBRARY 
1858  NEIL  AVENUE 
COLUMBUS,  OH  43210 

OKLAHOMA  STATE  UNIVERSITY 
SCHOOL  OF  MECH  & AEROSPACE  ENGR. 
STILLWATER,  OK  74074 
ATTN  PROF  KARL  N.  REID 

MIAMI  UNIVERSITY 
DEPT  OF  ENG  TECH 
SCHOOL  OF  APPLIED  SCIENCE 
OXFORD,  OH  45056 

ATTN  PROF  S.  B.  FRIEDMAN 

PENNSYLVANIA  STATE  UNIVERSITY 
215  MECHANICAL  ENGINEERING  BUILDING 
UNIVERSITY  PARK,  PA  16802 
ATTN  DR.  J.  L.  SHEARER 

PENNSYLVANIA  STATE  UNIVERSITY 
ENGINEERING  LIBRARY 
201  HAMMOND  BLDG 
UNIVERSITY  PARK,  PA  16802 

ATTN  M.  BENNETT,  ENGINERRING  LIBRARIAN 


PURDUE  UNIVERSITY 

SCHOOL  OF  MECHANICAL  ENGINEERING 

LAFAYETTE,  IN  47907 

ATTN  PROF.  VICTOR  W.  GOLDSCHMIDT 
ATTN  PROF.  ALAN  T.  MCDONALD 

ROCK  VALLEY  COLLEGE 
3301  NORTH  MULFORD  ROAD 
ROCKFORD,  IL  61101 
ATTN  KEN  BARTON 

RUTGERS  UNIVERSITY 

LIBRARY  OF  SCIENCE  & MEDICINE 

NEW  BRUNSWICK,  NJ  08903 

ATTN  GOVERNMENT  DOCUMENTS  DEPT 
MS.  SANDRA  R.  LIVINGSTON 

SYRACUSE  UNIVERSITY 

DEPT  OF  MECH  & AEROSPACE  ENGINEERING 
139  E.  A.  LINK  HALL 
SYRACUSE,  NY  13210 

ATTN  PROFESSOR  D.  S.  DOSANJH 

UNIVERSITY  OF  TEXAS  AT  AUSTIN 
DEPT  OF  MECHANICAL  ENGINEERING 
AUSTIN,  TX  78712 

ATTN  DR.  A.  J.  HEALEY 

THE  UNIVERSITY  OF  TEXAS  AT  ARLINGTON 
MECHANICAL  ENGINEERING  DEPARTMENT 
ARLINGTON,  TX  76019 

ATTN  DR.  ROBERT  L.  WOODS 

TULANE  UNIVERSITY 
DEPT  OF  MECHANICAL  ENGINEERING 
NEW  ORLEANS,  LA  70118 
ATTN  H.  F.  HRU BECKY 

UNION  COLLEGE 
MECHANICAL  ENGINEERING 
SCHENECTADY,  NY  12308 

ATTN  ASSOC  PROF  W.  C.  AUBREY 

MECH  ENGR  DEPT,  STEINMETZ  HALL 

VIRGINIA  POLYTECHNIC  INSTITUTE  OF  STATE  UN IV 
MECHANICAL  ENGINEERING  DEPARTMENT 
BLACKSBURG,  VA  24061 
ATTN  PROF  H.  MOSES 

WASHINGTON  UNIVERSITY 
SCHOOL  OF  ENGINEERING 
P.  O.  BOX  1185 
ST.  LOUIS,  MO  63130 
ATTN  W.  M.  SWANSON 

WEST  VIRGINIA  UNIVERSITY  * 

MECHANICAL  ENGINEERING  DEPARTMENT 
MORGANTOWN,  WV  26505 

ATTN  DR.  RICHARD  A.  BA JURA 


18 


DISTRIBUTION  (Cont 1 d ) 


WICHITA  STATE  UNIVERSITY 
WICHITA,  KS  67206 

ATTN  DEPT  AERO  ENGR,  E.  J.  RODGERS 

UNIVERSITY  OF  WISCONSIN 
MECHANICAL  ENGINEERING  DEPARTMENT 
1513  UNIVERSITY  AVENUE 
MADISON,  WI  53706 

ATTN  FEDERAL  REPORTS  CENTER 
ATTN  NORMAN  H.  BEACHLEY,  DIR, 

DESIGN  ENGINEERING  LABORATORIES 

WORCESTER  POLYTECHNIC  INSTITUTE 
WORCESTER,  MA  01609 

ATTN  GEORGE  C.  GORDON  LI BPARY  (TR) 
ATTN  TECHNICAL  REPORTS 

AIRESEARCH 

P.  0.  BOX  5217 

402  SOUTH  36th  STREET  .* 

PHOENIX,  AZ  85034 
ATTN  DAVID  SCHAFFER 
ATTN  TREVOR  SUTTON 
ATTN  TOM  TIPPETTS 


AVCO  SYSTEMS  DIVISION 
201  LOWELL  STREET 
WILMINGTON,  MA  01887 
ATTN  W.  K.  CLARK 

BELL  HELICOPTER  COMPANY 
P.  0.  BOX  482 
FORTWORTH,  TX  76101 
ATTN  MR.  R.  D.  YEARY 

BFNDIX  CORPORATION 
ELECTRODYNAMICS  DIVISION 
11600  SHERMAN  WAY 
N.  HOLLYWOOD,  CA  90605 
ATTN  MR,  D.  COOPER 

BENDIX  CORPORATION 
RESEARCH  LABORATORIES  DIV. 
BENDIX  CENTER 
SOUTHFIELD,  MI  48075 
ATTN  C.  J.  AHERN 

BOEING  COMPANY,  THE 
P.  O.  BOX  3707 
SEATTLE,  WA  98124 
ATTN  HENRIK  STRAUB 

BOWLES  FLUIDICS  CORPORATION 
9347  FRASER  AVENUE 
SILVER  SPRING,  MD  20910 
ATTN  VICE  PRES, /ENGR, 

DR.  RONALD  BOWLES 
2105  SONDRA  COURT 
SILVER  SPRING,  MD  20904 


CONTINENTAL  CAN  COMPANY 
TECH  CENTER 
1350  W.  76TH  STREET 
CHICAGO,  IL  60620 
ATTN  P.  A.  BAUER 

CORDIS  CORPORATION 
P.  0.  BOX  428 
MIAMI,  FL  33137 

ATTN  STEPHEN  F.  VADAS,  K-2 

CORNING  GLASS  WORKS 
FLUIDIC  PRODUCTS 
HOUGHTON  PARK,  B-2 
CORNING,  NY  14830 

ATTN  MR.  W.  SCHEMERHORN 

CHRYSLER  CORPORATION 
P.O,  BOX  118 
CIMS-418-33-22 
DETROIT,  MI  48231 
ATTN  MR.  L.  GAU 

EMX  ENGINEERING,  INC 

BOX  216  - 216  LITTLE  FALLS  RD 

CEDAR  GROVE,  NJ  07009 

ATTN  ANTHONY  P.  CORRADO,  PRESIDENT 

FLUIDICS  QUARTERLY 
P.  0.  BOX  2989 
STANFORD,  CA  94305 
ATTN  D.  H.  TARUMOTO 

GENERAL  ELECTRIC  COMPANY 
SPACE/RESD  DIVISIONS 
P.  O.  BOX  8555 
PHILADELPHIA,  PA  19101 

ATTN  MGR  LIBRARIES,  LARRY  CHASEN 

GENERAL  MOTORS  CORPORATION 
DELCO  ELECTRONICS  DIV 
MANFRED  G.  WRIGHT 
NEW  COMMERCIAL  PRODUCTS 
P.  0.  BOX  1104 
KOKOMO,  IN  46901 
ATTN  R.  E.  SPARKS 

GRUMMAN  AEROSPACE  CORPORATION 
TECHNICAL  INFORMATION  CENTER 
SOUTH  OYSTER  BAY  ROAD 
BETHPAGE,  L.  I.,  NY  11714 
ATTN  C.  W.  TURNER,  DOCUMENTS 
LIBRARIAN 

HONEYWELL,  INC. 

1625  ZARTHAN  AVE 
MINNEAPOLIS,  MI  55413 
ATTN  J.  HEDEEN 

JOHNSON  CONTROLS,  INC 
507  E.  MICHIGAN 
MILWAUKEE,  WI  53201 

ATTN  WARREN  A.  LEDERMAN 
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MOORE  PRODUCTS  COMPANY 
SPRING  HOUSE,  PA  19477 
ATTN  MR.  R.  ADAMS 

MARTIN  MARIETTA  CORPORATION 
AEROSPACE  DIVISION 
P.  O.  BOX  5837 
ORLANDO,  FL  32805 

ATTN  R.  K.  BRODERSON,  MP  326 
ATTN  VITO  0.  BRAVO,  MP  326 

NATIONAL  FLUID  POWER  ASSOCIATION 
3333  NORTH  MAYFAIR  ROAD 
MILWAUKEE,  WI  53222 
ATTN  JOHN  R.  LUEKE 

DIR  OF  TECH  SERVICES 

RICHARD  WHITE  & ASSOCIATES 
ELECTRO/MECHANICAL  ENGINEERS 
77  PELHAM  ISLE  ROAD 
SUDSBURY,  MA  01776 
ATTN  RICHARD  P.  WHITE 

ROCKWELL  INTERNATIONAL  CORPORATION 
COLUMBUS  AIRCRAFT  DIVISION, 

P.  0.  BOX  1259 
4300  E.  5TH  AVENUE 
COLUMBUS,  OH  43216 

ATTN  MR.  MARVIN  SCHWEIGER 

SANDIA  CORPORATION 
KIRTLAND  AFB,  EAST 
ALBUQUERQUE,  NM  87115 

ATTN  WILLIAM  R.  LEUENBERGER , DIV  2323 

TRITEC,  INC 
P.O,  BOX  56 
COLUMBIA,  MD  21045 
ATTN  L.  SIERACKI 


UNITED  TECHNOLOGIES  RESEARCH  CENTER 
400  MAIN  STREET 
E.  HARTFORD,  CT  06108 

ATTN  R.  E.  OLSON,  MGR  FLUID 
DYNAMICS  LABORATORY 
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